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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to a multi-station 5 
transmission method which is used in a mobile commu- 
nication system and a broadcasting system to transmit 
the same signal from a plurality of stations with a view 
to holding the continuity of a signal in the vicinity of the 
zone boundary, and the invention also pertains to a re- 10 
ceiver therefor. 

[0002] In radio communication, especially in mobile 
communication, it is necessary to implement many 
channels in a limited frequency band; hence, the spatial 
reuse of frequency is an important technique. For ex- 15 
ample, a cellular system has been employed in the mo- 
bile communication. In the cellular system, the service 
area is divided into a plurality of cells, i.e., zones, and 
different frequencies are assigned to the cells to prevent 
interference between them, but in a bid to promote the 20 
spatial reuse of frequency, it is customary to assign the 
same frequency to cells at a distance long enough not 
to interfere with each other. Such a cellular system re- 
quires a handoff capability which enables the mobile 
station to keep up conversation when it moves from one 25 
cell to another, that is, from one zone to another. 
[0003] Fig. 1 shows the principles of a conventional 
zone switching scheme. Let it be assumed that zones 
Z1 and Z2 covered by base stations BS1 and BS2 are 
adjacent and that a mobile station M is now moving 30 
across the boundary of the zones Z1 and Z2 in a direc- . 
tion from the base station BS1 toward the base station- . 
BS2. Forward signals to be sent from the base stations 
BS1 and BS2 to the mobile station M are transmitted 
from a switching center 1 3 to the two base stations BS1 35 
and BS2 which are switched from the one to the other. 
A forward radio channel to the mobile station M is set 
first to a first channel CH1 via the base station BS1. 
When the field intensity of the first channel CH1 de- 
creases with the movement of the mobile station M, a *o 
second channel CH2 is set as the forward radio channel 
via the base station BS2, while at the same time the first 
channel CH1 is cut off. Since an access channel is usu- 
ally set up by FDMA (Frequency Division Multiple Ac- 
cess) or TDMA (Time Division Multiple Access) scheme, 45 
the same channel cannot be used in adjacent zones. 
Hence, the two channels CH1 and CH2 use different 
carrier frequencies. On this account, switching of the 
channels from one to the other, inevitably results in a 
momentary interruption during switching. In voice com- so 
munication this interruption can be made sufficiently 
short to such an extent as not to seriously affect the 
speech quality, but in multimedia transmission such as 
video or data communication the momentary interrup- 
tion causes significant quality deterioration because of 55 
high-speed transmission of digital signals in many cas- 
es. 

[0004] On the other hand, in the zone switching by a 
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CDMA (Code Division Multiple Access) scheme, such 
as disclosed in JP-A-1-288023 and US-A-5, 179,571, a 
spreading code is used for channel setting and the same 
carrier frequency is used in common for adjacent zones. 
Then, when a multi-station transmission is carried out 
using different spreading codes for the adjacent zones, 
signals from two base stations can easily be received 
and interruption-free reception is possible. 
[0005] However, this method is inherent to the CDMA 
scheme and cannot be applied to the FDMA and TDMA 
schemes. Furthermore, to identify a respective channel 
defined by the spreading code, it is necessary to use a 
different spreading code for each channel. There is an- 
other method (EP-A-0 620 658, prior art according to 
Art.54(3) EPC) which, instead of changing the spread- 
ing code, shifts its timing to avoid overlapping of pulses 
detected by the two inverse transformation detectors for 
descrambling of the two base stations, but highly accu- 
rate transmission timing must be provided between the 
base stations. 

[0006] On the other hand, a forward control signal in 
the mobile communication system needs to call up mo- 
bile stations over a wide area. To cover a wide area with 
a low transmission output, a multi-station transmission 
system is needed which divides the area into a plurality 
of zones and transmits the same signal to the respective 
zones. 

[0007] In the multi-station transmission system, even 
if the same signals are transmitted from the respective 
zones, they do not completely match in terms of trans- 
mission.carrier frequency and transmission data timing, 
posing a problem that the signals from the plurality of 
zones interfere with each other at the boundary between 
the zones. To solve this problem, frequency offset type 
transmitter diversity or the like has been employed. This 
method is one that offsets the transmitter carrier fre- 
quency of each zone in the range of from 1/2 to 1/4 of 
the modulation band and receives the frequency offset 
signals by a differential detector at the receiving side, 
thus enabling a diversity reception. However, this meth- 
od has disadvantages in that if the data timing is not the 
same, interference will occur and that the frequency off- 
setting enlarges the receiving band width correspond- 
ingly, making it hard to implement a narrow-band com- 
munication. 

[0008] The document JP 4-7961 5 discloses to a data 
signal receiver which is adapted to use soft-decision for 
decoding error correction codes in a data signal receiv- 
ing system which utilizes both a maximum likelihood es- 
timation equalizer and error correction codes so that 
high accuracy error correction is effected on data sig- 
nals on a transmission path with inter-code interference, 
such as in a multi-path environment. 
[0009] An object of the present invention is to provide 
a multistation transmission method and a receiver there- 
for which, regardless of the access scheme used, allow 
zone switching free from signal discontinuity and enable 
simultaneous reception of identical signals from a p!u- 
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rality of base stations without widening the receiving 
band, thereby implementing highly reliable reception 
based on the diversity effect. 

DISCLOSURE OF THE INVENTION 

[0010] This object is achieved with a method as 
claimed in claim 1 and a receiver as claimed in claim 8, 
respectively. Preferred embodiments of the invention 
are subject-matter of the dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a block diagram showing the principles of 
a conventional zone switching scheme; 

Fig. 2 is a block diagram illustrating the transmitting 
side in an embodiment of the present inven- 
tion; 

Fig. 3A is a diagram showing the construction of a 
signal transformation part 14 in Fig. 2 when 
it is implemented by an interleave scheme 
using memories; 

Fig. 3B is a diagram showing the construction of the 
. v ^i : signal transformation part 14 when it is im- 
- ,v.-. plemented by a scramble scheme; . 

Fig. 4 ... is a diagram showing the frame configuration 
! of a transmission signal; 

Fig. 5 is a block diagram of the receiving side in an 
embodiment of the present invention; 

Fig. 6A is a block diagram of a nonlinear interference 
canceller forming the principal part of a signal 
separation part; and 

Fig. 6B is a block diagram illustrating a linear inter- 
ference canceller. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] In Fig. 2 there is illustrated the base station 
side of an embodiment according to the present inven- 
tion. At the base station side, a forward signal sequence 
(input signal) Dl destined for a mobile station M is input 
into a signal transformation part 14 from a switching 
center 13. The forward signal sequence D1 is trans- 
formed by the signal transformation part 14 into two dif- 
ferent transmission signal sequences T1 and T2. This 
transformation is intended to enable the two transmis- 
sion signal sequences T1 and T2 to be regarded as sta- 
tistically independent (i.e., orthogonal or pseudo-or- 
thogonal) signal sequences which have substantially 



zero cross-correlation of ±1 0 symbols or so; this is done 
by interleaves of different sizes, for example. The trans- 
formation by interleaving is performed, as schematically 
shown in Fig. 3A, by writing the forward signal sequence 
5 Dl into memories 14M1 and 14M2 of different sizes in 
the row direction as indicated by the broken line arrows 
and then reading out the memories 14M1 and 14M2 in 
the column direction as indicated by the full-line arrows. 
By using memories of the same size but different in the 
10 length-to-width ratio, the interleaved signal sequences 
T1 and T2 becomes pseudo-orthogonal. Moreover, 
even if a burst-like error is induced on the transmission 
line, it is dispersed when the original signal sequence is 
restored by inverse transformation; hence, error correc- 
ts tion is effectively made. Alternatively, the forward signal 
sequence Dl may be divided into two transmission sig- 
nal sequences T1 and T2 one of which is interleaved 
but the other of which is not. 

[001 3] Another method of generating signal sequenc- 

20 es of substantially zero cross-correlation is shown in Fig. 
3B, in which the transmission signal sequences T1 and 
T2 are generated by scrambling the forward signal se- 
quence Dl in scramblers 14S1 and 14S2 with different 
scramble codes SC1 and SC2 from scramble code gen- 

25 erating parts 1 4C1 and 14C2. Also in this case, only one 
of the transmission signal sequences T1 and T2 may be 
formed by a scrambled version of the forward signal se- 
quence Dl. Incidentally, the signal transformation part 
14 may be provided in the switching center 13, or its 

30 respective components may be provided in the corre- 
sponding base stations BS1 and BS2, or it may be pro- 
vided singly. According to the present invention, as re- 
ferred to later on, training signals that are added to each 
frame in the base stations BS1 and BS2 need only to 

35 be at least orthogonal to each other and the signal trans- 
formation part 14 may be omitted. In such an instance, 
the forward signal sequence Dl is applied to framing cir- 
cuits FR1 and FR2 of the base stations BS1 and BS2. 
The signal transformation part 14 may add an error cor- 

40 recting code to each transmission signal sequence, if 
necessary. 

[0014] These transmission signal sequences T1 and 
T2 are sent to the base stations BS1 and BS2 in adja- 
cent zones Z1 and Z2, respectively. In the base stations 

45 BS1 and BS2, the transmission signal sequences T1 
and T2 are converted by framing circuits FR1 and FR2 
to framed signal sequences F1 and F2, respectively. In 
the present invention, as shown in Fig. 4, different train- 
ing signals TRN1 and TRN2 peculiar to the respective 

50 base station, which are held in registers RG1 and RG2 
in the base stations BS1 and BS2, are added to trans- 
mission data DATA (the transmission signal sequences 
T1 and T2) of a fixed length to form respective frames. 
The training signats TRN1 and TRN2 used are those 

55 which are orthogonal or pseudo-orthogonal to each oth- 
er, that is, signals such that the sum of multiplied values 
of corresponding symbols of the training signals TRN1 
and TRN2 is substantially zero. 
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[001 5] By using such signals of excellent orthogonal- 
ity as the training signals TRN1 and TRN2, it is possible 
to increase the accuracy of coefficient setting (setting of 
a tap coefficient or setting of a weight coefficient) which 
is accompanied by correlation processing in a signal 
separation part 20 in Fig. 5 described later on. In the 
case where inter-symbol interference occurs owing to a 
delay time dispersion in a multi-path propagation path, 
however, equalization processing is involved in the sig- 
nal separation part 20, hence respective multi-path 
components must be separated. To meet this require- 
ment, the training signals TRN1 and TRN2 need to be 
excellent in autocorrelation characteristic as well as in 
orthogonality. That is, the autocorrelation function of 
each of the training signals TRN1 and TRN2 may pref- 
erably be a function which has a sharp peak at a position 
corresponding to a time difference 0 (a phase difference 
0) but becomes negligibly small in other regions. The 
training signals of excellent auto-correction can be used 
as signals for timing regeneration. Since the above-said 
two characteristics, that is, the orthogonality and the au- 
to-correction property, influence each other, it is desira- 
ble to optimize them in the system employing the 
present invention. 

[0016] The framed signal sequences F1 and F2 gen- 
erated by the framing circuits FR1 and FR2 in Fig. 2 are 
converted by transmitters TR1 and TR2 to modulated 
waves C1 and C2, respectively, which are transmitted 
via.transmitting antennas ANT-T1 and ANT-T2. Let it be 
assumed thaMhe two modulated waves C1 and G2 use 
the same channel selected from a channel group of FD- 
MA, TDMAand CDMA schemes. Furthermore, suppose 
, that the transmitting antennas ANT-T1 and ANT-T2 are 
so distant from each other that when the two modulated 
waves G1 and C2 are received by the mobile station M, 
their variations by radio wave propagation can be suffi- 
ciently independent of each other. 
[0017] Fig. 5 is a block diagram illustrating the con- 
struction of each mobile station M. The mobile station 
M simultaneously receives the modulated waves C1 
and C2 of the same channel as their combined wave by 
a receiving antenna ANT-R. The received signal is de- 
modulated by a receiver 19R and the resulting base 
band signal is outputted therefrom as a digital signal. 
The base band signal is applied to a signal separation 
part 20 wherein it is amplified and then separated into 
received signal sequences R1 and R2 corresponding to 
the modulated waves C1 and C2. This separation uses 
the training signals contained in each modulated wave, 
and the separation can be carried out using the tech- 
nique of what is called an interference canceller. The 
interference canceller schemes can be classified into a 
nonlinear interference canceller and a linear interfer- 
ence canceller. When only one receiving antenna 
ANT-R is used as in the case of Fig. 5, only the nonlinear 
interference canceller is applicable. When two or more 
receiving antennas are used, either of the nonlinear and 
linear interference cancellers can be used. 



[0018] The operation of the linear interference cancel- 
ler is disclosed in detail in R. T. Compton, Jr., "Adaptive 
Antennas, Concept and Performance", Prentice-Hall, 
1988 or Suzuki, "Signal Transmission Characteristics in 

5 Least Square Combining Diversity Reception", Journal 
of the Institute of Electronics, Information and Commu- 
nication Engineers of Japan, B-ll, vol. J75-B-II, No. 8, 
pp. 524-534, August, 1992; the operation of the nonlin- 
ear interference canceller is described in detail in Hitoshi 

10 Yoshino and Hiroshi Suzuki, "Adaptive Interference 
Canceller Extended from RLS-MLSE", Technical Report 
of the Institute of Electronics, Information and Commu- 
nication Engineers of Japan, Technical Report 
RCS92-120 (1993-01). In either case, received signals 

15 from a predetermined number of base stations which 
can be predicted are separated into individual received 
signals, the received signals except a noted desired re- 
ceived signal are regarded as interference signals, and 
these separated interference signals are subtracted 

20 from the received signals of the combined received 
wave, by which the background noise of the desired re- 
ceived signal is remarkably reduced. The present inven- 
tion separates all the received signals by similar 
processing, regarding the individual received signals as 

25 desired received signals. 

[0019] The separated received signal sequences R1 
and R2 are provided to inverse transformation circuits 
31 and 32, wherein they are subjected to the inverse of 
the transformation processing shown in Fig. 3A or 3B, 

30 by which transmitted signal sequences SR1 and SR2 
are obtained. The transmitted signal sequences SR1 ; 
and SR2 are fed to a signal reconstruction part 33, which ) 
selects one of the received signal sequences on the ba- 
sis of likelihood values M1* and M2' corresponding to 

35 estimated errors obtained in the signal separation 
processing in the signal separation part 20 and outputs 
the selected signal sequence to an output terminal OUT. 
[0020] Next, a description will be given of an example 
of the basic configuration of the interference canceller 

40 }n the signal separation part 20. Fig. 6A is a block dia- 
gram of the non-linear interference canceller and Fig. 
6B a block diagram of the linear interference canceller. 
In the nonlinear interference canceller of Fig. 6A, a sam- 
ple value Y(n) of the base band signal, obtained by the 

45 detection of the combined wave of the two modulated 
waves C1 and C2 by the receiver 19R, is provided as 
an input signal to an input terminal 2T. On the other 
hand, upon each application of the input signal Y(n) to 
the input terminal 2T, a maximum likelihood sequence 

50 estimator 24 generates two signal sequence candidates 
(code sequence candidates) CSC1 and CSC2 each 
having a predetermined number of signal transitions 
and provides them to replica generators 22R1 and 
22R2. The replica generators 22R1 and 22R2 are 

55 formed by transversal filters to which parameters for es- 
timating the channel characteristics of the modulated 
waves C1 and C2, that is, impulse responses H1 and 
H2 of respective channels, are provided as tap coeffi- 



EP 0 674 455 B1 



8 



cients; the replica generators generate estimated sig- 
nals or replicas RP1 and RP2 by inner product calcula- 
tions (convoluting calculations) of the signal sequence 
candidates CSC1 and CSC2 and the tap coefficients H1 
and H2. 

[0021] These replicas RP1 and RP2 are provided to 
subtractors 21 A1 and 21 A2, wherein they are subtract- 
ed from the input signal Y(n) to obtain an estimation er- 
ror e; this processing is repeated for all candidates of 
the two signal sequences. As a result, two code se- 
quence candidates, for which the square |e| 2 of the es- 
timation error calculated by a metric calculation part 23, 
are determined as two most likely code sequences and 
estimated received signal sequences R1 and R2 are 
provided to output terminals on the basis of such code 
sequences. At the same time, metrics M1 and M2 of the 
code sequences are calculated from the estimation er- 
ror e and are outputted. The maximum likelihood se- 
quence estimation method is described in the aforemen- 
tioned literatures and is disclosed in detail in PCT Ap- 
plication Publication W094/17600 (published August 4, 
1994) as well. For example, the Viterbi algorithm may 
be used as one of the maximum likelihood sequence 
estimation algorithms. 

[0022] The mobile station M (Fig. 2) holds in registers 
27G1 and 27G2 training signal patterns TRN1 and 
TRN2 of the visited zone Z1 and the adjacent zone 22 
received from the base station BS1 via a control chan- 
nel. Alternatively, the mobile, station M prestores, as a 
table.in a memory,;the training signal; patterns TRN1, 
TRN2/..:. corresponding to identification numbers as- 
signed to the zones Z1 , Z2, in which case the training 
signal patterns are read out from the table by use of the 
identification numbersof the zone Z1:and the adjacent 
zone Z2 received via the control channel from the base 
station of the visited zone Z1 and are set in the registers 
27G1 and 27G2. During the reception of the training sig- 
nals TRN1 and TRN2 in each frame by the receiver 19R 
of the mobile station M, the respective training signal 
patterns TRN1 and TRN2 are provided from the regis- 
ters 27G1 and 27G2 to the channel parameter estima- 
tion part 25 and the replica generators 22R1 and 22R2 
via switches 26S1 and 26S2. 

[0023] The replica generators 22R1 and 22R2 are 
controlled by the tap coefficients H1 and H2 provided 
thereto to generate replicas (estimated received signal 
training signals) of the received signals from the training 
signal patterns TRN1 and TRN2 and provide the repli- 
cas to the subtractors 21 A1 and 21 A2. The parameter 
estimation part 25 determines, for example, by an adap- 
tive algorithm, the tap coefficients H1 and H2 for the 
training patterns TRN1 and TRN2 in such a manner as 
to minimize the power |e| 2 of the estimation error signal. 
The replica generators (transversal filters) 22R1 and 
22R2, supplied with such tap coefficients H1 and H2, 
are regarded as simulating the characteristic (impulse 
response) of the channels over which the modulated 
signals C1 and C2 propagate, respectively. During the 



reception of the data DATA in the received frame, the 
tap coefficients H1 and H2 determined as mentioned 
above are provided to the replica generators 22R1 and 
22R2 and the maximum likelihood sequence estimator 

5 24 makes a maximum estimation of a pair of transmitted 
signal sequences (transmitted data) as described pre- 
viously. Furthermore, the maximum likelihood sequence 
estimator calculates and outputs the metrics (the relia- 
bility of the estimated signal sequences) M1 and M2 of 

10 the decision paths from the likelihood (1/le| 2 , for exam- 
ple) used for the decision of the received signal se- 
quences R1 and R2 by a known method. When the input 
signal sequence is transformed in the signal transfor- 
mation part 14 to the transmission signal sequences T1 

15 and T2 which are pseudo-orthogonal to each other as 
depicted in Fig. 2, the tap coefficients H1 and H2 can 
be corrected, as required, in the above-described fash- 
ion to minimize the estimation error power |e| 2 again 
through utilization of the two decided transmitted signal 

20 sequences during the data DATA receiving period. In the 
example of Fig. 6 A, the metrics M1 and M2 have the 
same value. While in the above the operation by a single 
branch has been described, the configuration of diver- 
sity reception is also possible, in which case, too, the 

25 interference canceller similarly operates. 

[0024] Fig. 6B shows the case where the signal sep- 
aration part 20 is formed by the linear interference can- 
celler. In this instance, combined received waves re- 
. - ceived by two receiving antennas ANT-R1 and ANT-R2- 

30. , are converted by receivers 1 9R1 and 1 9R2 to base band 
. signals YT arid Y2, respectively, which are applied-to : 
/■j inputterminals2T1 and 2T2 of the signal separation part " 
20. These base band signals Y.1 and Y2 are weighted 

■ with weighting factors W11 and W12 in weighting cir-' 

35 cuits 21W11 and 21W12, respectively, and are added 
together in an adder circuit 22A1 , the output of which is 
provided as an estimated signal for the one transmitted 
modulated signal C1 . The estimated signal output is fed 
to a decision circuit 24D1, wherein it is decided to be 
larger or smaller than a threshold value and from which 
it is provided as the received signal sequence R1 to an 
output terminal. The difference (an-estimation error) be- 
tween the input and the output signal of the decision cir- 
cuit 24D1 is detected by a difference circuit 23E1 and is 

45 outputted as the metric signal M1. 

[0025] During the period of receiving the training sig- 
nals in the transmitted frame, the training signal pattern 
TRN1 is provided, as a substitute for the decided output, 
to the difference circuit 23E1 from the register 27G1 via 

50 the switch 26S1 and a control circuit 25C1 determines 
the weighting factors W11 and W12 in such a manner 
as to minimize the square |e| of the absolute value of the 
difference. The thus determined factors W11 and W12 
are used to perform a weighted addition of the received 

55 signals Y1 and Y2 during the period of receiving the data 
in the transmitted frame, by which the estimated re- 
ceived signal sequence R1 can be obtained. The reason 
for which the difference output from the difference circuit 
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23E1, that is, the error component e, becomes small is 
that the modulated wave C2 is cancelled. 
[0026] Similarly, the signals Y1 and Y2 from the input 
terminals 2T1 and 2T2 are weighted by weighting cir- 
cuits 21W21 and 21W22, respectively, and are added 
together by an adder circuit 22A2, and the added output 
is subjected to a level decision by a decision circuit 
24D2. In the training signal receiving period the training 
signal pattern TRN2 from the register 27G2 is provided 
via the switch 26S2 to a difference circuit 23E2, by which 
the difference between the training signal pattern and 
the output from the adder circuit 22A2 is obtained. The 
weighting factors W21 and W22 are determined by a 
control circuit 25C2 so that the difference becomes min- 
imum. By performing a weighted addition of the input 
signals Y1 and Y2 through use of such weighting factors 
during the period of receiving the data DATA in the re- 
ceived frame, the modulated wave C1 is cancelled and 
the received signal sequence R2 is outputted. In the ex- 
ample of Fig. 6B the metric signals M1 and M2 differ 
from each other. It is also possible that the sum of 
squares of the two metric signals M1 and M2 is distrib- 
uted as a common metric signal as in the Fig. 6A exam- 
ple. 

[0027] Thus, during the reception of the training sig- 
nals the tap coefficients H1 and H2 are correctly set by 
the channel parameter estimation part 25 in Fig. 6A, or 
in Fig. 6B the weighting factors W11, W12, W21 and 
W22 are correctly determined. - : 
[0028] In the interference .cancellers of Figs. 6A and 
6B, when the one modulated wave, for example CT, is 
extracted, the other modulated wave G2 is handled as 
an interference wave-by , this, the. demodulated re- 
ceived signal sequences R1 and R2 corresponding to 
the transmission signal sequences T1 and T2 contained 
in the respective modulated wave are extracted. The 
thus extracted received signal sequences R1 and R2 
are provided to the inverse transformation circuits 31 
and 32, wherein they are subjected to an inverse trans- 
formation, i.e., a transform that is inverse to that in the 
signal transformation part 14 (Fig. 2) at the transmitting 
side; thus, the transmitted signal sequences SR1 and 
SR2 are generated. When the signal transformation part 
14 at the transmitting side carries out such interleave as 
shown in Fig. 3A, two memories of different sizes, sim- 
ilar to those in Fig. 3A, are provided in the inverse trans- 
formation circuits 31 and 32, respectively, and are con- 
figured so that the received signal sequences R1 and 
R2 are written in the column direction and read out in 
the row direction, just opposite in direction from that in 
Fig. 3A. When the transmitting side adopts the signal 
transformation by the scramble codes SC1 and SC2 as 
shown in Fig. 3B, descramblers are provided in the in- 
verse transformation circuits 31 and 32 to descramble 
the received signal sequences R1 and R2 with the 
scramble codes SC1 and SC2. 

[0029] The metric signals M 1 and M2 representing the 
reliability of the signal sequences at the time of their sep- 



aration, which are provided from the interference can- 
celler in the signal separation part 20, are outputted in 
synchronization with the transmitted signal sequences 
SR1 and SR2. The metric is expressed by level or the 

5 inverse 1/|e| of the estimation error in the separation 
processing or its -square or negative -|e| or -|e| 2 ; the larg- 
er the value, the higher the reliability. Moreover, in the 
inverse transformation, general metric values MT and 
M2* of the transmitted signal sequences SR1 and SR2 

10 are generated using the metric used for error correction 
decoding. If the transformation in the signal transforma- 
tion part 14 is a mere change of the order of the inter- 
leave, the metric signals M1' and M2* obtained by the 
inverse transformation are signals which are merely re- 

15 verse in their order compared to those of the metric sig- 
nals M1 and M2. The two transmitted signal sequences 
SR1 and SR2 of different metrics are provided from the 
inverse transformation circuits 31 and 32 to the signal 
reconstruction part 33, which generates optimal demod- 

20 ulated data DO and provides it to the output terminal 
OUT The demodulated data can be generated by vari- 
ous methods such as those (1) which selects the re- 
ceived signal sequence of the larger metric, (2) which 
weights the decided received signal sequence with the 

25 metric, then combines it with the other signal sequence 
and makes a decision, and (3) which performs only in- 
terleave in the inverse transformation and performs er- 
ror correction decoding while selecting data of the re- 
ceived signal sequence of the larger metric. 

30 [0030] * The operation described above is basically the r 
same in the handoff and the multi-station transmission * 
system. However, the handoff has a capability of stop-^ 

* ' ping signal transmission from the old zone when the in- 
tensity of the field for receiving radio waves from the new 

35 zone increases. While in the above the same signal has 
been described to be sent from two base stations, it may 
be sent from three or more base stations BS1, BS2, 
BS3, ... as indicated by the broken-lined base station 
BS3 of a third adjacent zone in Fig. 2. Letting the number 

40 of base stations be represented by N, the signal sepa- 
ration part 20 in Fig. 6A needs only to be provided with 
N subtraction circuits 21 A1, 21A2, .... N replica genera- 
tors 22R1, 22R2, N switches 26S1, 26S2, and N 
registers 27G1, 27G2 In the case of the signal sep- 

45 aration part 20 shown in Fig. 6B, N combiners 22A1, 
22A2, N decision circuits 24D1, 24D2, N differ- 
ence circuits 23E1, 23E2, N control circuits 25C1, 

25C2 N switches 26S1, 26S2, ... and N registers 

27G1, 27G2, ... are provided in association with the sig- 

50 nals Y1, Y2, ... from N receivers 19R1, 19R2, .... Fur- 
thermore, N 2 weighting circuit 21W11, .... 21WNN are 
provided for conducting N sets of weighted additions for 
the N input signals Y1, Y2, .... 

[0031] Thus, the present invention permits zone 
55 switching through use of the same channel regardless 
of the access scheme used. Since no interruption oc- 
curs at the time of zone switching, the reliability of fast 
digital signal transmission will not be impaired. Besides, 
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the receiving field intensity decreases at the time of zone 
switching, since the mobile station usually moves near 
the zone boundary; according to the present invention, 
however, the mobile station simultaneously receives 
signals from a plurality of base stations this produces a 
diversity effect and hence improves the transmission 
characteristic. 

[0032] Hence, the present invention is effective when 
applied to a high-capacity, multimedia-oriented digital 
mobile communications and portable telephone sys- 
tems, furthermore, it is effective when dividing a wide 
area into a plurality of zones and performing transmis- 
sion in the broadcast mode. 



Claims 



1. 



A method of transmitting the same signal via N base 
stations (BS1 , BS2) to the same mobile station (M) 
of a mobile communication system in which the 
service area is divided into a plurality of zones each 
having a base station (BS1, BS2), and the mobile 
station (M) performs communication via the base 
station (BS1, BS2) of the zone it is visiting, the meth- 
od comprising the step: 

(a) wherein, when said mobile station (M) 
moves across the boundary between said vis- 

• . ; ited zone and a zone adjacent to it, a forward 
. signal sequence ;(DI) destined for said mobile 
station (M) is transmitted as a transmission sig-. 
nal sequence (T1y T2) to said N base stations 
(BS1, BS2) including the base station (BS1, 
BS2) of said visited zone and the base station 
" (BS1, BS2) of said adjacent zone, N being an 
integer equal to or greater than 2; and is 
characterized by the further steps: 

(b) wherein each of said N base stations (BS1, 
BS2) utilizes, the transmission signal sequence 
(T1 , T2) and adds a respective one of N prede- 
termined pseudo-orthogonal training signals 
(TRN1, TRN2) after each fixed length portion 
of said transmission signal sequence to gener- 
ate a framed signal sequence (F1, F2) having 
in each frame a training signal period (TRN1, 
TRN2) and a data signal period (DATA) corre- 
sponding to the training signal and the trans- 
mission signal sequence, respectively; 

(c) wherein each of said N base stations (BS1, 
BS2) transmits said framed signal sequence on 
a modulated wave (C1 , C2) of a same channel; 
and 

(d) wherein said mobile station (M) receives, as 
a combined wave, said modulated waves from 
said N base stations (BS1, BS2), produces a 
base band signal from the combined wave, 
then extracts N received signal sequences (R1 , 
R2) from the base band signal through use of 



said N training signals (TRN1, TRN2) and se- 
lects one of said N received signal sequences 
(R1 , R2) as a reconstruction of said forward sig- 
nal sequence (Dl). 

5 

2. The method of claim 1, which includes 

in step (a) a step of transforming said forward 
signal sequence (Dl) by a predetermined transfor- 
mation procedure into N different transmission sig- 

10 nal sequences (T1, T2) with substantially zero 
cross-correlation and sending said N different 
transmission signal sequences (T1 , T2) to said N 
base stations (BS1 , BS2), respectively, and 

in step (d) a step of obtaining N transmitted 

15 signal sequences (SR1 , SR2) by subjecting said N 
received signal sequences (R1 , R2) to an inverse 
transformation procedure, which is inverse to said 
transformation procedure in step (a), and a step of 
selecting one of the N transmitted signal sequences 

20 (SR1 , SR2) as said reconstruction of the forward 
signal sequence (Dl). 

3. The method of claim 2, wherein said transformation 
procedure is a procedure of interleaving said for- 

25 ward signal sequence (Dl) in at least (N-1 ) different 
ways to obtain said at least N different transmission 
signal sequences (T1.-T2). 

4. The method of claim 2, wherein said transformation 
<30 ; /procedure is a procedure of scrambling said for- 

r : -ward signal sequence (Dt) by at least (N-1) different 
scramble codes-to obtain said at least N. different 
transmission signal sequences (T1, T2). 

35 5. The method of claim 1, wherein said step (d) com- 
prises steps of: estimating characteristics of the 
transmission channels from said base stations 
(BS1, BS2) to said mobile station (M) through use 
of said N preknown training signals during the re- 

40 ception of said training signals in said combined 
wave; generating, based on said estimated trans- 
mission channel characteristics, N replicas which 
simulate said framed signal sequences; subtracting 
said N replicas from said base band signal; and 

45 making a maximum likelihood estimation in such a 
manner as to minimize the resulting estimation er- 
ror, thereby determining said N received signal se- 
quences (R1, R2). 

so 6. The method of claim 1 , further comprising the steps: 
wherein said mobile station (M) receives said com- 
bined wave of said modulated waves by each of N 
receivers via N different antennas to produce N 
base band signals, respectively; wherein N sets of 

55 weighting factors, each set composed of N weight- 
ing factors, are determined for said N training sig- 
nals, so that each of N signal sequences, each ob- 
tained by respectively weighting, in the training sig- 
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nal period in said combined wave, said N base band 
signals with the N weighting factors of a respective 
set and adding the weighted base band signals to- 
gether, matches one of said N training signals; and 
wherein N output signal sequences, each obtained 
by weighting, in the data signal period in said com- 
bined wave, said N base band signals with said N 
weighting factors of a respective one of said N sets 
and adding the weighted base band signals togeth- 
er, are determined to be said N received signal se- 
quences (R1, R2). 

7. The method of claim 1, wherein said step (d) in- 
cludes a step of obtaining a metric for each of said 
N received signal sequences (R1, R2) and a step 
of selecting and outputting that one of said N re- 
ceived signal sequences (R1 , R2) that has the max- 
imum metric. 



8. A receiver for a mobile station which comprises: 20 



means (ANT-R, ANT-R1 , ANT-R2) for receiv- 
ing, as a combined wave, N modulated waves 
from N base stations (BS1 , BS2) of N adjacent 
zones, N being an integer equal to or greater 
than 2; 

means (19R, 19R1, 19R2) for demodulating 
said combined wave into a base band signal, 
wherein the. base band signal is composed of 
N pseudo-orthogonal signal sequences, each 
produced in the respective base station (BS1; 
BS2) by adding a respective one of N predeter- 
mined pseudo-orthogonal training signals 
(TRN1, TRN2) after each fixed length portion 
of a respective one of N transmission signal se- 
quences (T1 , T2) to generate a framed signal 
sequence (F1 , F2) having in each frame a train- 
ing signal period (TRN1 , TRN2) and a data sig- 
nal period (DATA) corresponding to the training 
signal and the transmission signal sequence, 
respectively, and wherein said N transmission 
signal sequences (T1 , T2) are the result of a 
predetermined transformation procedure trans- 
forming a forward signal sequence (Dl) des- 
tined for said mobile station (M) into N different 
transmission signal sequences (T1, T2) with 
substantially zero cross-correlation; 
signal separation means (20) for extracting, by 
use of said N training signals, N received signal 
sequences (R1, R2) from the base band signal 
and for outputting for each received signal se- 
quence (R1, R2) a corresponding metric indi- 
cating the reliability of that received signal se- 
quence (R1, R2); 

inverse transformation means (31 , 32) adapted 
to subject said N received signal sequences 
(R1, R2) to an inverse transformation proce- 
dure, which is the inverse of said predeter- 
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mined transformation procedure, to obtain N 
transmitted signal sequences (SR1, SR2); and 
means (33) for selecting and outputting that 
one of said N transmitted signal sequences 
(SR1, SR2) as reconstruction of said forward 
signal sequence (Dl) that has the largest met- 
ric. 

9. The receiver of claim 8, wherein said signal sepa- 
ration means (20) comprises: 

N replica generating means (22R1 , 22R2) each 
responsive to channel parameters to simulate 
the transmission channel from a respective one 
of said base stations (BS1 , BS2) to the receiver 
and adapted to generate, upon each input of 
the base band signal, from a respective one of 
N signal sequence candidates (CSC1, CSC2) 
a replica (RP1 , RP2) of a respective one of the 
signal sequences forming said base band sig- 
nal; 

subtracting means (21 A1, 21 A2) for subtracting 
the N replicas (RP1, RP2)from said base band 
signal and for outputting an estimation error; 
maximum likelihood sequence estimation 
means (24) responsive to each input of said 
base band signal, for sequentially generating 
all signal sequence candidates (CSC1 , CSC2), 
for calculating the likelihood for each of said 
candidates from said estimation. error andse- 
lecting that one of said signal sequence candi- 
dates that has the maximum likelihood; * 
pattern holding means- (27G1, 27G2) holding 
said N training signals (TRN1 , TRN2); ' 
switching means (26S1, 26S2) for applying, 
during the training signal periods of the signal 
sequences in said base band signal, said N 
training signals to said N replica generating 
means to generate replicas of the training sig- 
nals used in said N base stations (BS1, BS2); 
and 

channel parameter generating means (25) for 
generating said channel parameters so that 
said estimation error becomes minimum. 

10. The receiver of claim 8, having N antennas 
(ANT-R1, ANT-R2) provided at different positions 
and each adapted to receive the combined wave, 
and N RF receiving parts each connected to a re- 
spective one of the N antennas for producing a re- 
spective base band signal from the combined wave, 
wherein said signal separation means (20) compris- 
es: 

N weighting and adding means (21 W^, 21W 12 , 
22A1; 21W 21 , 21W 22 , 22A2) each adapted to 
weight the N base band signals with a respec- 
tive one of N sets of N weighting factors each 
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and for adding up the N weighted base band 
signals; 

N decision means (24D1 , 24D2) adapted to de- 
cide the level of the output from a respective 
one of said N weighting and adding means and 
to output one of said N received signal se- 
quences (R1 , R2); 

N pattern holding means (27G1 , 27G2) holding 
said N training signals (TRN1, TRN2), respec- 
tively; 

N subtracting means (23E1 , 23E2) each adapt- 
ed to obtain the difference between the output 
from a respective one of said weighting and 
adding means and the training signal from a re- 
spective one of said pattern holding means dur- 
ing the training signal period of the signal se- 
quences in said combined wave; and 
N control means (25C1, 25C2) each adapted 
to determine the N weighting factors for a re- 
spective one of said N weighting and adding 
means that minimize said difference obtained 
from a corresponding one of said N subtracting 
means. 



Patentanspruche 

1. . Verfahren zum Obertragen des gleichen Signals 
i uber N Basisstationen (BS1, BS2).an die.gleiche 
; . Mobilstation (My^eines mobilen Telekommunikati- 
- pnssystems, bei dem das Anschluftgebiet in eine 
. : ,Vielzahliyon= Zonen unterteilt ist, die je eine Basis- 
r,: r station (BS1, BS2) haben und die Mobilstation (M) 
> • die Ubermittlung uber die Basisstation (BS1, BS2) 
der Zone durchfuhrt, die sie besucht, wobei das 
Verfahren den Schritt aufweist, 
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(a) daft, wenn die Mobilstation (M) sich uber die 
Grenze zwischen der besuchten Zone und ei- 

ner dieser benachbarten Zone bewegt, eine fur *o 
diese Mobilstation (M) bestimmte Sendesignal- 
folge (Dl) als Obertragungssignalfolge (T1, T2) 
an die N Basisstationen (BS1, BS2), ein- 
schlieftlich der Basisstation (BS1 , BS2) der be- 
suchten Zone und der Basisstation (BS1 , BS2) 45 
der benachbarten Zone ubertragen wird, wobei 
N eine ganze Zahl gleich oder grofter als zwei 
ist, und durch die weiteren Schritte gekenn- 
zeichnet ist, 

(b) daft jede der N Basisstationen (BS1, BS2) 50 
die Ubertragungssignalfolge (T1, T2) nutzt und 

ein jeweiliges von N vorherbestimmten pseu- 
do-orthogonal en Obungssignalen (TRN1, 
TRN2) nach jedem Abschnitt fester Lange der 
Ubertragungssignalfolge hinzufugt, um eine 55 
gerahmte Signalfotge (F1 , F2) zu erzeugen, die 
in jedem Rahmen eine Obungssignalperiode 
(TRN1, TRN2) und eine Datensignalperiode 



(DATA) entsprechend dem Obungssignal bzw. 
der Ubertragungssignalfolge enthalt; 

(c) daft jede der N Basisstationen (BS1, BS2) 
die gerahmte Signalfolge auf einer modulierten 
Welle (C1, C2) des gleichen Kanals ubertragt; 
und 

(d) daft die Mobilstation (M) als kombinierte 
Welle die modulierten Wellen von den N Basis- 
stationen (BS1 , BS2) empfangt, ein Basisband- 
signal aus der kombinierten Welle macht, dann 
die N empfangenen Signalfolgen (R1, R2) vom 
Basisbandsignal durch Verwendung der N 
Obungssignale (TRN1, TRN2) extrahiert und 
eine der N empfangenen Signalfolgen (R1 , R2) 
als Rekonstruktion der Sendesignalfolge (Dl) 
auswahlt. 

Verfahren nach Anspruch 1 , welches folgendes um- 
faftt 

im Schritt (a): einen Schritt des Umwandelns 
der Sendesignalfolge (Dl) mittels einer vorherbe- 
stimmten Transformation sprozedur in N verschie- 
dene Obertragungssignalfolgen (T1, T2) mit im we- 
sentlichen Null Kreuzkorrelation und Aussenden 
der N verschiedenen Obertragungssignalfolgen 
(T1, T2) an die jeweiligen N Basisstationen (BS1, 
BS2), und 

im Schritt (d): einen Schritt des Erhaltens von 
N ubertragenen Signalfolgen (SR1, SR2) dadurch, 
daft die N empfangenen Signalfolgen (R1; R2) einer 
Rucktransformationsprozedurunterworfenwerden, 
die umgekehrt zu der Transformationsprozedur im« 
Schritt (a) ist, und einen Schritt der Auswahl einer 
der N ubertragenen Signalfolgen (SR1 , SR2) als die 
Rekonstruktion der Sendesignalfolge (Dl). 

Verfahren nach Anspruch 2, bei dem die Transfor- 
mationsprozedur ein Verfahren des Verschachtelns 
der Signalfolge (Dl) auf mindestens (N-1) unter- 
schiedliche Weisen zum Erhalten der mindestens 
N verschiedenen Obertragungssignalfolgen (T1, 
T2) ist. 

Verfahren nach Anspruch 2, bei dem die Transfor- 
mationsprozedur ein Verfahren des Verwurfelns der 
Sendesignalfolge (Dl) mittels mindestens (N-1 ) ver- 
schiedenen Verwurfelungscodes zum Erhalten der 
mindestens N verschiedenen Obertragungssignal- 
folgen (T1, T2) ist. 

Verfahren nach Anspruch 1, bei dem der Schritt (d) 
folgende Schritte aufweist: Schatzen von Charak- 
teristiken der Obertragungskanale von den Basis- 
stationen (BS1 , BS2) zu der Mobilstation (M) durch 
Verwendung der N im voraus bekannten Obungssi- 
gnale wahrend des Empfangs der Obungssignale 
in der kombinierten Welle; Erzeugen von N die ge- 
rahmten Signalfolgen simulierenden Replikaten auf 
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der Basis der geschatzten Ubertragungskanalcha- 
rakteristiken; Subtrahieren der N Replikate vom Ba- 
sisbandsignal; und Vornahme einer Maximum-Like- 
lihood-Schatzung auf solche Weise, daft der erhal- 
tene Schatzfehler minimiert wird, wodurch die N 5 
empfangenen Signalfolgen (R1 , R2) bestimmt wer- 
den. 

Verfahren nach Anspruch 1 , ferner mit den fol gen- 
den Schritten: daft die Mobilstation (M) die kombi- 10 
nierte Welle der modulierten Wellen durch jeden 
von N Empfangem uber N verschiedene Antennen 
empfangt, um jeweilige N Basisbandsignale zu er- 
zeugen; daft N Satze Gewichtungsfaktoren, jeder 
Satz aus N Gewichtungsfaktoren zusammenge- 15 
setzt, fur die N Ubungssignale bestimmt werden, so 
daft jede der N Signalfolgen, jede erhalten durch 
jeweilige Gewichtung der N Basisbandsignale in 
der Obungssignalperiode in der kombinierten Welle 
mit den N Gewichtungsfaktoren eines jeweiligen 20 
Satzes und Zusammenaddieren der gewichteten 
Basisbandsignale, mit einem der N Ubungssignale 
ubereinstimmt; und daft N Ausgabesignalfolgen, je- 
de erhalten durch Gewichten der N Basisbandsi- 
gnale in der Datensignalperiode in der kombinierten 25 
Welle mit den N Gewichtungsfaktoren eines jewei- 
ligen der N Satze und Zusammenaddieren der ge- 
wichteten Basisbandsignale, als die N empfange- 
nen Signalfolgen (R1 , R2) bestimmt werden. 



30 



Verfahren nach Anspruch .1 ; bei dem der Schritt (d) - 
einen Schritt des Erhaltens einer Metrik fur jede der 
N empfangenen Signalfolgen (R1, R2) und einen 
Schritt des Auswahlens und Ausgebens derjenigen 
der N empfangenen Signalfolgen (R1 , R2) umfaftt, 35 
die die maximale Metrik hat. 

Empfanger fur eine Mobilstation, aufweisend: 

eine Einrichtung (ANT-R, ANT-R1, ANT-R2) 40 
zum Empfang N modulierter Wellen von N Ba- 
sisstationen (BS1, BS2) von N benachbarten 
Zonen als eine kombinierte Welle, wobei N eine 
ganze Zahl gleich oder grofter als 2 ist; 
eine Einrichtung (19R, 19R1, 19R2) zum De- 45 
modulieren der kombinierten Welle in ein Ba- 
sisbandsignai, bei dem das Basisbandsignal 
aus N pseudo-orthogonalen Signalfolgen zu- 
sammengesetzt ist, von denen jede in der je- 
weiligen Basisstation (BS1, BS2) geschaffen 50 
ist durch Addieren eines jeweiligen von N vor- 
herbestimmten pseudo-orthogonalen Ubungs- 
signalen (TRN1, TRN2) nach jedem Abschnitt 
fester Lange einer jeweiligen von N Obertra- 
gungssignalfotgen (T1, T2) zum Erzeugen ei- 55 
ner gerahmten Signalfolge (F1, F2), die in je- 
dem Rahmen eine Obungssignalperiode 
(TRN1, TRN2) und eine Datensignalperiode 



(DATA) entsprechend dem Ubungssignal bzw. 
der Ubertragungssignalfolge hat, und bei der 
die N Ubertragungssignalfolgen (T1, T2) das 
Ergebnis einer vorherbestimmten Transforma- 
tionsprozedur sind, die eine fur die Mobilstation 
(M) bestimmte Sendesignalfolge (Dl) in N ver- 
schiedene Ubertragungssignalfolgen (T1, T2) 
mit im wesentlichen Null Kreuzkorrelatron um- 
wandelt; 

eine Signaltrenneinrichtung (20) zum Extrahie- 
ren von N empfangenen Signalfolgen (R1, R2) 
aus dem Basisbandsignal durch Benutzen der 
N Obungssignale und zum Ausgeben fur jede 
empfangene Signalfolge (R1, R2) einer ent- 
sprechenden, die Zuverlassigkeit der empfan- 
genen Signalfolge (R1, R2) anzeigenden Me- 
trik; 

eine Ruckumwandlungseinrichtung (31, 32), 
die geeignet ist, die N empfangenen Signalfol- 
gen (R1, R2) einer Rucktransformationsproze- 
dur zu unterwerfen, die das Umgekehrte der 
vorherbestimmten Transformationsprozedur 
ist, um die N ubertragenen Signalfolgen (SR1, 
SR2) zu erhalten; und 

eine Einrichtung (33) zum Auswahlen und Aus- 
geben derjenigen der N ubertragenen Signal- 
folgen (SR1 , SR2), als Rekonstruktion der Sen- 
designalfolge (Dl), die die groftte Metrik hat. 

9, Empfanger nach Anspruch 8,' bei dem die Signalt- 
- renneinrichtung (20) folgendes aufweist: 

N Replica-Generatoreinrichtungen (22R1, 
22R2), von denen jede auf Kan al parameter an- 
spricht, um den Ubertragungskanal von einer 
jeweiligen der Basisstationen (BS1 , BS2) zum 
Empfanger zu simulieren, und geeignet ist, bei 
jeder Eingabe des Basisbandsignals von ei- 
nem entsprechenden von N Signalfolgekandi- 
daten (CSC1, CSC2) ein Replikat (RP1, RP2) 
einer jeweiligen der das Basisbandsignal bil- 
denden Signalfolgen zu erzeugen; 
eine Subtraktionseinrichtung (21 A1, 21 A2) 
zum Subtrahieren der N Replikate (RP1, RP2) 
von dem Basisbandsignal und zum Ausgeben 
eines Schatzfehlers; 

eine Maximum-Likelihood-Folge-Schatzein- 
richtung (24), die auf jede Eingabe des Basis- 
bandsignals anspricht, um der Reihe nach alle 
Signalfolgekandidaten (CSC1, CSC2) zu er- 
zeugen, um die Wahrscheinlichkeit fur jeden 
der Kandidaten aus dem Schatzfehler zu be- 
rechnen und denjenigen der Signalfolgekandi- 
daten auszuwahlen, der die groftte Wahr- 
scheinlichkeit hat; 

eine Musterhalteeinrichtung (27G1, 27G2), die 
die N Ubungssignale (TRN1, TRN2) halt; 
eine Schaltereinrichtung (26S1, 26S2), die 
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wahrend der Ubungssignalperioden der Si- 
gnalfolgen im Basisbandsignai die N Ubungs- 
signale an die N Replica-Generatoreinrichtung 
anlegt, urn Replikate der in den N Basisstatio- 
nen (BS1, BS2) benutzten Qbungssignale zu 
erzeugen; und 

eine Kanalparametergeneratoreinrichtung (25) 
zum Erzeugen der Kana I para meter, so daft der 
Schatzfehler minimal wird. 

10. Empfanger nach Anspruch 8, mit N Antennen 
(ANT-R1, ANT-R2), die an verschiedenen Positio- 
nen vorgesehen sind und von denen jede geeignet 
ist, die kombinierte Welle zu empfangen, und N 
RF-Empfangsteilen, von denen jeder mit einer je- 
weiligen der N Antennen verbunden ist, um ein je- 
weiliges Basisbandsignai aus der kombinierten 
Welle zu schaffen, wobei die Signaltrenneinrich- 
tung (20) folgendes aufweist: 

N Gewichtungs- und Addiereinrichtungen 
(21 W^, 21W 12 , 22A1; 21W 21 , 21W 22 , 22A2), 
von denen jede geeignet ist, die N Basisband- 
signale mit einem jeweiligen von N Satzen aus 
je N Gewichtungsfaktoren zu gewichten und 
zum Zusammenaddieren der N gewichteten 
Basisbandsignale; 

N Entscheidungseinrichtungen (24D1, 24D2), 
die.geeignet sind, das Niveau der Ausgabe von 
einer jeweiligen der N Gewichtungs- und Ad- 
diereinrichtungen zu entscheiden und eine der 
N empfangenen Signalfolgen (R1, R2) auszu- 
geben; .< . - •* .. 

N Musterhalteeinrichtungen (27G1, • 27G2), 
wetche jeweiis die N Qbungssignale (TRN1, 
TRN2) halten; 

N Subtrahiereinrichtungen (23E1, 23E2), von 
denen jede geeignet ist, die Differenz zwischen 
der Ausgabe einer jeweiligen der Gewichtungs- 
und Addiereinrichtungen und dem Ubungssi- 
gnal von einer jeweiligen der Musterhalteein- 
richtungen wahrend der Obungssignalperiode 
der Signalfolgen in der kombinierten Welle zu 
erhalten; und >■ 

N Steuereinrichtungen (25C1, 25C2), von de- 
nen jede geeignet ist, die N Gewichtungsfakto- 
ren fur eine jeweilige der N Gewichtungs- und 
Addiereinrichtungen zu bestimmen, welche die 
von einer entsprechenden der N Subtrahierein- 
richtungen erhaltenen Differenz minimiert. 



Revendications 

1. Procede de transmission du meme signal en pas- 
sant par N stations de base (BS1 , BS2) vers la me- 
me station mobile (M) d'un systeme de communi- 
cations du service mobile dans lequel la zone de 
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service est divisee en une pluralite de zones ayant 
chacune une station de base (BS1 , BS2), et la sta- 
tion mobile (M) effectue une communication en pas- 
sant par la station de base (BS1, BS2) de la zone 
qu'elle visite, le procede comprenant I'etape : 

(a) dans laquelle, iorsque ladite station mobile 
(M) franchit la limite entre ladite zone visitee et 
une zone qui lui est adjacente, une sequence 
(D1) de signal d'avance destinee a ladite sta- 
tion mobile (M) est transmise en tant que se- 
quence de signal de transmission (T1, T2) 
auxdites N stations de base (BS1 , BS2) y com- 
pris la station de base (BS1 , BS2) de ladite zo- 
ne visitee et la station de base (BS1, BS2) de 
ladite zone adjacente, N etant un entieregal ou 
superieur a 2 ; et est 

caracterise par ies autres etapes : 

(b) dans lesquelles chacune desdites N sta- 
tions de base (BS1, BS2) utilise la sequence 
de signal de transmission (T1 , T2) et additionne 
Tun, respectif, de N signaux d'entraTnement 
pseudo-orthogonaux predetermines (TRN1, 
TRN2) apres chaque partie de longueur fixe de 
ladite sequence de signal de transmission pour 
generer une sequence de signal trame (F1 , F2) 
ayant, dans chaque trame, une periode de si- 
gnal d'entraTnement (TRN1, TRN2) et une pe- 
riode de signal de donnees (DONNEES) cor- 

• respondant au signal d'entraTnement et a la se- 
. • , quence de signal de transmission, 
■■>.' : respectivement ; 

(c) dans lesquelles chacune desdites N sta- 
tions de base (BS1, BS2) transmet ladite se- 
quence de signal tramee sur une onde modulee 
(C1, C2) d'un meme canal ; et 

(d) dans lesquelles ladite station mobile (M) re- 
coit, en tant qu'onde combinee, lesdites ondes 
modulees provenant desdites N stations de ba- 
se (BS1, BS2), produit un signal de bande de 
base a partir de I'onde combinee puis extrait N 
sequences de signaux recus (R1 , R2) du signal 
de bande de base en utilisant lesdits N signaux 
d'entraTnement (TRN1, TRN2) et selectionne 
Tune desdites N sequences de signaux recus 
(R1 , R2) en tant que reconstruction de ladite 
sequence de signal d'avance (D1). 

Procede selon la revendication 1 , qui comprend 

dans I'etape (a), une etape de transformation 
de ladite sequence de signal d'avance (D1 ) par une 
procedure de transformation predeterminee en N 
sequences de signaux de transmission differentes 
(T1 , T2) avec une intercorrelation sensiblement nul- 
le et d'envot desdites N sequences de signaux de 
transmission differentes (T1, T2) auxdites N sta- 
tions de base (BS1, BS2), respectivement, et 

dans I'etape (d), une etape d'obtention de N 
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sequences de signaux transmis (SR1 , SR2) en sou- 
mettant lesdites N sequences de signaux recus 
(R1, R2) a une procedure de transformation inver- 
se, qui est inverse de ladite procedure de transfor- 
mation dans I'etape (a), et une etape de selection 5 
de Tune des N sequences de signaux transmis 
(SR1, SR2) en tant que ladite reconstruction de la 
sequence de signal d'avance (D1). 

Procede selon la revendication 2, dans lequel ladite 10 
procedure de transformation est une procedure 
d'entrelacement de ladite sequence de signal 
d'avance (D1 ) en au moins (N-1 ) manieres differen- 
tes pour obtenir lesdites, au moins N, sequences 
des signaux de transmission differentes (T1, T2). 15 

Procede selon la revendication 2, dans lequel ladite 
procedure de transformation est une procedure de 
cryptage de ladite sequence de signal d'avance 
(D1) par au moins (N-1) codes de cryptage diffe- 20 
rents pour obtenir lesdites, au moins N, sequences 
de signaux de transmission differentes (T1 , T2). 

Procede selon la revendication 1 , dans lequel ladite 
etape (d) comprend des etapes : d'estimation de 25 
caracteristiques des canaux de transmission a par- 
tir desdites stations de base (BS1 , BS2) vers ladite 
station mobile (M) par Tutilisation desdits N signaux 
.d'entrainement preafablement connus pendant la 
.reception desdits signaux d'entrainement dans la-* .30, 
-dite onde combinee; de generation, sur la base' / 
desdites caracteristiques estimees des canaux de : . 
transmission, de N repliques qui simulent lesdites 
•sequences de signaux trames ; de soustraction • 
desdites N repliques dudit signal de bande de 35 
base ; et de realisation d'une estimation de vrai- 
semblance maximale d'une maniere telle que I'er- 
reur d'estimation resultante est minimisee, determi- 
nant ainsi lesdites N sequences de signaux recus 
(R1.R2). 40 

Procede selon la revendication 1, comprenant en 
outre les etapes : dans lesquelles ladite station mo- 
bile (M) recoit ladite onde combinee desdites ondes 
modulees par chacun de N recepteurs en passant 45 
par N antennes differentes pour produire N signaux 
de bande de base, respectivement ; dans lesquel- 
les N ensembles de facteurs de ponderation, cha- 
que ensemble etant compose de N facteurs de pon- 
deration, sont determines pour lesdits N signaux 50 
d'entrainement, afin que chacune de N sequences 
de signaux, obtenues chacune en ponderant res- 
pectivement, dans la periode du signal d'entraine- 
ment dans ladite onde combinee, lesdits N signaux 
de bande de base avec les N facteurs de pondera- 55 
tion d'un ensemble respectif et en additionnant en- 
semble les signaux ponderes de bande de base, 
soit adaptee a Tun desdits N signaux 



d'entrainement ; et dans lesquels N sequences de 
signaux de sortie, obtenues chacune en ponderant, 
dans la periode de signal de donnees dans ladite 
onde combinee, lesdits N signaux de bande de ba- 
se avec lesdits N facteurs de ponderation de I'un, 
respectif, desdits N ensembles et en additionnant 
ensemble les signaux ponderes de bande de base, 
sont determinees comme etant lesdites N sequen- 
ces de signaux recus (R1, R2). 

7. Procede selon la revendication 1 , dans lequel ladite 
etape (d) comprend une etape d'obtention d'une 
metrique pour chacune desdites N sequences de 
signaux recus (R1 , R2) et une etape de selection et 
de sortie de I'une desdites N sequences de signaux 
recus (R1, R2) qui a la metrique maximale. 

8. Recepteur pour une station mobile qui comporte : 



des moyens (ANT-R, ANT-RA, ANT-R2) desti- 
nes a recevoir, sous ta forme d'une onde com- 
binee, N ondes modulees provenant de N sta- 
tions de base (BS1, BS2) de N zones adjacen- 
tes, N etant un entier egal ou superieur a 2 ; 
des moyens (1 9R, 1 9R1 , 1 9R2) destines a de- 
moduler ladite onde combinee en un signal de 
bande de base, le signal de bande de base 
etant compose de N sequences de signaux 
. pseudo-orthogonales produites chacune. dans < 
la station de base respective (BS1 , BS2) en ad- 
ditionnant I'un,- respectif ; de N signaux d'entrai- 
nement pseudcHorthogonaux predetermines 
(TRN1, TRN2) apres chaque partie de lon- 
gueur fixe de I'une, respective, de N sequences 
de signaux de transmission (T1, T2) pour ge- 
nerer une sequence de signal trame (F1, F2) 
ayant, dans chaque trame, une periode de si- 
gnal d'entrainement (TRN1, TRN2) et une pe- 
riode de signal de donnees (DONNEES) cor- 
respondant au signal d'entrainement et a la se- 
quence de signal de transmission, respective- 
ment, et dans lequel lesdites N sequences de 
signaux de transmission (T1, T2) sont le resul- 
tat d'une procedure de transformation prede- 
terminee transformant une sequence de signal 
avant (D1 ) destinee a ladite station mobile (M) 
en N sequences de signaux de transmission 
differentes (T1, T2) avec une intercorrelation 
sensiblement nulle ; 

des moyens (20) de separation de signaux des- 
tines a extraire, en utilisant lesdits N signaux 
d'entrainement, N sequences de signaux recus 
(R1 , R2) a partir du signal de bande de base et 
a delivrer en sortie pour chaque sequence de 
signal regu (R1, R2) une metrique correspon- 
dante indiquant la fiabilite de cette sequence 
de signal recue (R1, R2) ; 
des moyens de transformation inverse (31, 32) 
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congus pour soumettre lesdites N sequences 10 
de signaux regus (R1, R2) a une procedure de 
transformation inverse, qui est I'inverse de la- 
dite procedure de transformation predetermi- 
nee, pour obtenir N sequences de signaux 5 
transmis (SR1, SR2) ; et 
des moyens (33) destines a selectionner et de- 
livrer en sortie Tune desdites N sequences de 
signaux transmis (SR1, SR2) en tant que re- 
construction de iadite sequence de signal avant 10 
(D1 ) qui a la plus grande metrique. 

Recepteur selon la revendication 8, dans lequel les- 
dits moyens (20) de separation de signaux 
comprennent : 15 

N moyens (22R1, 22R2) de generation de re- 
plique reagissant chacun a des parametres des 
canaux en simulant le canal de transmission de 
Tune, respective, desdites stations de base 20 
(BS1, BS2) au recepteur et congus pour gene- 
rer, lors de chaque entree du signal de bande 
de base, a partirde Tune, respective, de N can- 
didates de sequences de signaux (CSC1, 
CSC2), une replique (RP1 , RP2) de I'une, res- 25 
pective, des sequences de signaux formant le- 
dit signal de bande de base ; 
* des moyens de soustraction (21 A1 , 21 A2) des- 
tines- a soustraire les N repliques (RP1, RP2) '* :■ = :« 
ivq'udit signal de bande de base et a delivrer en- ,30r 
; . ..sortie, une erreur d'estimation . 
„ - des moyens (24) d'estimation de sequence de 
- ... /vnaisemblance maximale qui, en reponse a 
; chaque entree dudit signal de bande de base, 
sont destines a generer sequentiellement tou- 35 
tes les candidates de sequences de signaux 
(CSC1, CSC2), a calculer la vraisemblance de 
chacune desdites candidates a partir de Iadite 
erreur d'estimation et a selectionner celle, des- 
dites candidates de sequences de signaux, qui 4 ® 
a la vraisemblance maximale ; 
des moyens (27G1 , 27G2) de blocage de com- 
binaison bloquant lesdits N signaux d'entratne- 
ment (TRN1, TRN2) ; 

des moyens de commutation (26S1, 26S2) 45 
destines a appliquer, pendant les periodes des 
signaux d'entraTnement des sequences de si- 
gnaux dans ledit signal de bande de base, les- 
dits N signaux d'entraTnement auxdits N 
moyens de generation de repliques pour gene- 50 
rer des repliques des signaux d'entraTnement 
utilisees dans lesdites N stations de base (BS1 , 
BS2) ; et 

des moyens (25) de generation de parametres 
de canaux destines a generer lesdits parame- 55 
tres de canaux afin que Iadite erreur d'estima- 
tion devienne minimale. 



Recepteur selon la revendication 8, ayant N anten- 
nes (ANT-R1, ANT-R2) prevues dans diflerentes 
positions et congues chacune pour recevo* I'onde 
combinee, et N parties de reception RF connectees 
chacune a I'une, respective, des N antennes pour 
produire un signal de bande de base respectif a par- 
tir de I'onde combinee, dans lequel lesdits moyens 
(20) de separation de signaux comportent: 

N moyens de ponderation et d'addition (21 , 
21W 12 , 22A1 ; 21W 21 , 21W 22 , 22A2) congus 
chacun pour ponderer les N signaux de bande 
de base avec I'un, respectif, de N ensembles 
de N facteurs de ponderation chacun et pour 
additionner les N signaux de bande <te base 
ponderes ; 

N moyens de decision (24D1, 24D2) congus 
pour decider du niveau du signal de sortie de 
I'un, respectif, des N moyens de ponderation et 
d'addition et pour delivrer en sortie I'une desdi- 
tes N sequences de signaux regus (R1, R2) ; 
N moyens (27G1, 27G2) de blocage decombi- 
naison bloquant lesdits N signaux d'entraTne- 
ment (TRN1 , TRN2), respectivement ; 
N moyens de soustraction (23E1, 23E2) con- 
gus chacun pour obtenir la difference entre le 
signal de sortie de I'un, respectif, desdits 
moyens de ponderation et d'addition et le signal 
d'entraTnement provenant de I'un,: respectif, 
desdits moyens de blocage de combinaison" 
pendant la periode de signal d'entraTnement 
des sequences de signaux dans Iadite onde 
combinee ; et 

, N moyens de commande (25C1, 25C2) congus 
chacun pour determiner les N facteurs de pon- 
deration pour I'un, respectif, desdits N moyens 
de ponderation et d'addition qui minimisent Ia- 
dite difference obtenue a partir de I'un, corres- 
pondant, desdits N moyens de soustraction. 
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